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(57)  Dual-mode AC/DC power converters and asso-
ciated methods of operation are disclosed herein. In one
embodiment, the AC/DC converter includes a primary
winding, a switching transistor coupled to the primary
winding, the switching transistor configured to carry a
drain-source current, and a feedback voltage port con-
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Dual-mode constant load control circuits and associated methods

figured to carry a feedback voltage. The feedback voltage
port is coupled to the switching transistor to switch off
the switching transistor when the drain-source current
reaches a peak current limit. The peak current limit in-
creases with increasing feedback voltage if and only if
the feedback voltage satisfies an ordered relationship
with a threshold.
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Description
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to Chinese Ap-
plication No. 200910059444.1, filed on May 27, 2009,
the disclosure of which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure is related to electronic
circuits, and more particularly, to AC/DC (Alternating Cur-
rent to Direct Current) power converters.

[0003] As electronic technology advances, high effi-
ciency and stable operation have become important de-
sign considerations. Isolation transformers can be used
for adapters, chargers, and/or other systems that require
a high level of safety. Such a system can include a pri-
mary-side circuit and a secondary-side circuit separated
from each other by an isolation transformer.

[0004] The operation of the system may include a con-
stant current charging control process and a constant
voltage control process. The relationship of the output
voltage and output current from the system is illustrated
in Figure 1. During interval B, the load is charged. When
the output voltage V, is less than an output voltage
threshold Vy,, the transformer maintains output current
l, at the vicinity of the upper threshold value Iy, while
varying the output voltage V, to increase the output volt-
age V, to the output voltage threshold Vy,. As a result,
the control is preferably based on constant current during
interval B. During interval A, when the output voltage
reaches the output voltage threshold Vy,, the transformer
preferably enters a normal operation mode in which the
output voltage V,, is maintained while the output current
|, is varied. To achieve constant current control, the cur-
rent at the output terminals are preferably monitored and
the switch on the primary-side is preferably controlled
based on the monitored output currentin afeedback fash-
ion.

[0005] Typically, a current monitoring circuit on the
secondary-side is used for current control by obtaining a
signal with an optical coupler. However, such an implan-
tation can be structurally complex, energy consuming,
and inefficient. Other current monitoring circuits that do
not utilize the secondary-side monitoring typically utilize
complex models based on monitoring input voltage, out-
put diode on duration, and the peak current limit on the
primary-side circuit. Accordingly, there may be a need
for improved control circuits with high efficiency and low
structural complexity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Figure 1 is an output voltage versus output cur-

rent plot of an AC/DC converter according to the prior art.
[0007] Figure 2 is a schematic diagram of an AC/DC
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converter according to embodiments of the present dis-
closure.

[0008] Figure 3 is a timing diagram illustrating an op-
eration mode of the AC/DC converter in Figure 2.
[0009] Figure 4 illustrates a state diagram for the
AC/DC converter in Figure 2 according to embodiments
of the present disclosure.

[0010] Figure 5 is a schematic diagram of a system
incorporating embodiments of the AC/DC converter in
Figure 2 according to embodiments of the present dis-
closure.

DETAILED DESCRIPTION

[0011] This disclosure describes embodiments of
AC/DC converters and associated methods of operation.
Several of the details set forth below (e.g., example cir-
cuits and example values for these circuit components)
are provided to describe the following embodiments and
methods in a manner sufficient to enable a person skilled
in the relevant art to practice, make, and use them. As
used herein, a"current source" may mean either a current
source or a current sink. Several of the details and ad-
vantages described below, however, may not be neces-
sary to practice certain embodiments and methods of the
technology. A person of ordinary skill in the relevant art,
therefore, will understand that the technology may have
other embodiments with additional elements, and/or may
have other embodiments without several of the features
shown and described below with reference to Figures
2-4.

[0012] Figure 2 is a schematic diagram of an AC/DC
converter according to embodiments of the present dis-
closure. Most of the circuit components shown in Figure
2 may be integrated on a single silicon die. In some em-
bodiments, a transformer external to the silicon die may
also be used in the AC/DC power converter. The trans-
former can include primary winding 102 and one or more
secondary windings, for example, secondary windings
104 and 106. In other embodiments, the transformer may
comprise additional windings not shown in Figure 2 as
discussed later in more detail with reference to Figure 4.
[0013] As shown in Figure 2, an input AC signal may
be applied to input ports 108 and 110, and an output
signal is provided at one of secondary windings 104 or
106 after rectification and filtering. For ease of illustration,
not all components in the AC/DC power converter are
shown. For example, the AC/DC power converter may
also include additional diodes, capacitors, and/or other
electrical components at one or both of secondary wind-
ings 104 and 106.

[0014] Low dropout linear voltage regulator 110 pro-
vides a regulated DC voltage to oscillator 112, the emit-
ters of transistors 114 and 116, and the emitter of tran-
sistor 118. The transistors 114, 116, and 118 may include
a PNP transistor and/or other types of transistors. A feed-
back signal, having a feedback voltage Vg, is provided
atinput port 122. The feedback signal may be generated
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by a number of techniques and is indicative of the voltage
provided to the load.

[0015] One way through which the feedback signal af-
fects the switching of transistor 123 is by changing the
frequency of oscillator 112. In the illustrated embodiment
in Figure 2, transistor 123 is an nMOSFET (n-Metal-Ox-
ide-Semiconductor-Field-Effect-Transistor). The output
of oscillator 112 is a sequence of pulses, where the feed-
back signal affects the rate (frequency) at which the puls-
es are generated. The feedback signal may also affect
the switching of transistor 123 by changing the peak cur-
rent limit and/or other operating parameters, depending
upon whether the feedback signal voltage exceeds a
threshold. In other embodiments, transistor 123 may also
include a JFET, a bi-polar transistor, and/or other suitable
types of transistors.

[0016] In certain embodiments, the peak current limit
is set by the voltage developed at node 150. If the feed-
back voltage is greater than the threshold (denoted by
V1y in Figure 2) and is the voltage on the positive input
port to comparator 134, the arm of switch 125 is connect-
ed to ground. As a result, the feedback signal does not
affect the peak current limit. If the voltage of the feedback
signalis less than V1, the arm of switch 125 is connected
to the output of subtraction functional unit 136. As aresult,
the feedback signal directly affects the peak current limit.
[0017] The feedback signal may affect the frequency
of oscillator 112 in a variety of manners. For the particular
embodiment shown in Figure 2, the combination of op-
erational amplifier 126, transistor 128, resistor 130, and
transistors 114 and 116 sources current to oscillator 112
in response to the feedback voltage Vgg. This combina-
tion of elements may be viewed as a trans-conductance
buffer. The operational amplifier 126 biases the base of
transistor 128 so that the voltage at node 132 is essen-
tially equal to the feedback voltage. The collector current
flowing through transistor 128 is substantially equal to
the feedback voltage divided by the resistance of resistor
130 to be proportional to the feedback voltage. This cur-
rent is mirrored by transistors 114 and 116 into oscillator
112. The current sourced to oscillator 112 may adjust its
frequency.

[0018] When the feedback voltage is less than the
threshold Vqy, i.e., Vgg < Vy, comparator 134 sets
switch 125 so that its arm is connected to the output of
subtraction functional unit 136. Subtraction functional
unit 136 provides to the positive (non-inverting) input port
of operational amplifier 138 a signal having the voltage
K - Vg, where K is a suitably chosen constant greater
than the threshold V1, so that K - Vg is positive for Vg
< V1y. Operational amplifier 138 biases the base of tran-
sistor 140 so that the voltage at node 142 is substantially
equalto K- Vgg. Accordingly, the collector current flowing
through transistor 140 is proportional to the voltage K -
VEg, and this current is mirrored by transistors 118 and
120 toresistor 144, so that the emitter currentin transistor
120 is substantially proportional to K - Vg.

[0019] The sum of the currents sourced into resistors
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144 and 146 is equal to the current sourced by current
source 148. As discussed above, the current sourced to
resistor 144 is proportional to K - Vg when Vg < Vq.
For an increase in Vg, K - Vg decreases, leading to a
decrease in the current sourced into resistor 144, leading
to an increase in the current sourced into resistor 146.
Anincrease in the current sourced into resistor 146 leads
to an increase in the voltage at node 150, which is con-
nected to the negative (inverting) input port of operational
amplifier 152. Consequently, the voltage at node 150 fol-
lows that of the feedback voltage because an increase
inthe feedback voltage leads to anincrease in the voltage
at node 150, and a decrease in the feedback voltage
leads to a decrease in the voltage at node 150, provided
that Vg < V.

[0020] As will be described in more detail below, in
certain embodiments, the voltage developed at node 150
sets the peak current limit, so that increasing the voltage
at the negative input port of operational 152 leads to an
increase in the peak current limit for primary winding 102,
which leads to an increase in the peak current limit for a
load that is coupled to the AC/DC power converter of
Figure 2.

[0021] In the illustrated embodiment, the switching of
transistor 123 is controlled by the output of AND gate
154. One of the input ports to AND gate 154 is connected
to the Q output port of S-R NOR latch 124. Another input
port to AND gate 154 is connected to Over Temperature
Protection (OTP) functional unit 156, so that the switching
of transistor 123 may be disabled if a measured temper-
ature value exceeds some temperature threshold. Al-
though not shown in Figure 2, AND gate 154 may include
additional input ports connected to other functional units,
so that any one of these functional units may disable the
switching of transistor 123 by providing a low level logic
signal to AND gate 154. For purposes of clarity, it is suf-
ficient to assume that all input ports of AND gate 154,
other than the one connected to the Q output port of S-
R NOR latch 124, are held at a high level logic signal.
With this assumption, the switching of transistor 123 is
determined by the logic signal provided by the Q output
port of S-R NOR latch 124.

[0022] Leading Edge Blanking (LEB) functional unit
158 mitigates signal spikes caused by the switching of
transistor 123 from affecting operational amplifier 152.
When transistor 123 is off, LEB 158 provides a low volt-
age to the positive input port of operational amplifier 152
so that a low signal is provided to the R input port of S-
R NOR latch 124. When transistor 123 is switched on,
LEB 158 is off for a very short period of time before be-
coming active. As a result, the voltage provided to the
positive input port of operational amplifier 152 may be
expressed by IpsRop, Where Ipg is the current flowing
through transistor 123 when it is switched on (excluding
any spikes), and Rpy is the on-resistance of transistor
123. Let Vpg denote this voltage, so that Vg = IpsRon-
Operational amplifier 152 compares V5 to the voltage
at node 150, so that a high level logic signal is provided
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to the R input port of S-R NOR latch 124 when Vpg is
greater than the voltage at node 150, and a low level
logic signal is provided to the R input port of S-R NOR
latch 124 when Vg is less than the voltage at node 150.
When the feedback voltage is greater than the threshold,
Vg > Vqy, all of the current from current source 148 is
sourced into resistor 146, so that the voltage at node 150
is fixed. Thus, the peak current limit is not affected by the
feedback voltage.

[0023] Figure 3 shows four waveforms to illustrate the
above description. From the top to bottom in Figure 3,
these waveforms are: The output voltage of oscillator 112
applied to the S input port of S-R NOR latch 124, labeled
"S"; the voltage at the Q output port of S-R NOR latch
124, labeled "Q"; the voltage applied to the positive input
port of operational amplifier 152, labeled "V."; and the
voltage at the R input port of S-R NOR latch 124, labeled
"R". These voltage waveforms are not necessarily drawn
to scale, but are drawn to illustrate the relative relation-
ships among them.

[0024] At a time just before T4, all voltage waveforms
are low. Attime T4, the voltage atthe S input port changes
from low to high, which causes the Q output to rise, as
indicated by arrow 202. When the Q output rises, tran-
sistor 123 is switched on, raising the voltage V, applied
to the positive input port of operational amplifier 152, as
indicated by arrow 204. When the voltage V, rises to the
voltage at node 150, denoted by dashed line 205, oper-
ational amplifier 152 outputs a high level logic signal to
the R input port of S-R NOR latch 124, as indicated by
arrow 206. With a high level logic signal provided to the
R input port, the Q output port goes low, causing transis-
tor 123 to switch off, as indicated by arrow 208. The fore-
going process repeats itself according to the frequency
of oscillator 112, where Figure 3 shows another cycle of
this process beginning again at time T,.

[0025] When the feedback voltage is less than the
threshold V1, as the feedback voltage at input port 122
increases, the voltage developed at node 150 increases,
so that the threshold line 205 in Figure 3 rises. The volt-
age V, reaches the threshold at a later time after T, for
a rising feedback voltage. As a result, a greater amount
of current is allowed to flow through transistor 123 when
it is switched on before operational amplifier 152 outputs
a high level logic signal to the R input port of latch 124.
Consequently, the Q output port is high for a longer period
of time, and the duty cycle for switching transistor 123 is
larger. Thus, the peak current limit for the circuit of Figure
3 increases as the feedback voltage increases, provided
that the feedback voltage is not greater than the threshold
provided to the positive input port of comparator 134.
[0026] The AC/DC power converter circuit of Figure 2
may be viewed as a dual-mode circuit, where in a first
mode the peak current limit increases as the feedback
voltage increases, and in a second mode the peak current
limit is not changing as a function of time, as illustrated
in the state diagram shown in Figure 4. As shown in Fig-
ure 4, box 302 denotes the mode (or state) in which the
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peak current limit increases with increasing feedback
voltage, and box 304 denotes the mode (state) in which
the peak currentlimitis held constant. The state changing
event for moving from node 302 to 304 is indicated by
arrow 306 when the feedback voltage is greater than the
threshold. The state changing event for moving from
node 304 to 302 is indicated by arrow 308 when the feed-
back voltage is less than or equal to the threshold.
[0027] It should be noted that the particular embodi-
mentillustratedin Figure 4 may include certain variations.
For example, when the feedback voltage is greater than
the threshold, the circuit is in mode 304. If the feedback
voltage were then to decrease such that it would equal
the threshold, then the state (mode) of the circuit may
not change even though in theory the event indicated by
arrow 308 would be satisfied. Some embodiments may
be designed so that the event indicated by arrow 306
occurs whenthe feedback voltage is greater than or equal
to the threshold, and the event indicated by arrow 308
occurs when the feedback voltage is less than the thresh-
old. In practice, the threshold may be changing slightly
over time.

[0028] For some embodiments, there may be hyster-
esis, so that the event indicated by arrow 306 occurs
when the feedback voltage is greater than a first thresh-
old, and the event indicated by arrow 308 occurs when
the feedback voltage is less than a second threshold that
is less than the first threshold. When in mode 302, the
feedback voltage which is equal to the first threshold may
cause the circuit to remain in mode 302 or to transition
to mode 304, and when in mode 304, the feedback volt-
age which is equal to the second threshold may cause
the circuit to remain in mode 304 or to transition to mode
302.

[0029] Figure 5 is a schematic diagram of a system
incorporating embodiments of the AC/DC converter in
Figure 2 according to embodiments of the present dis-
closure. In Figure 5, the components of the AC/DC con-
verter in Figure 2 are encapsulated in functional unit 402.
The load is represented by resistor 404. As shown in
Figure 5, the feedback voltage is provided by the resistor
divider comprising resistors 406 and 408 coupled to wind-
ing 410. Other embodiments may utilize voltage dividers
comprising components other than resistors, and other
embodiments may take the feedback voltage directly
from a winding.

[0030] In the particular embodiment of Figure 5, a
transformer is shown comprising windings 102, 104, and
410 wound about core 416. Winding 102 is usually re-
ferred to as the primary winding because it is directly
coupled to the full-wave rectifier bridge comprising di-
odes 418,420,422, and 424. Although windings 412 and
414 may be referred to as secondary windings because
of their mutual coupling with primary winding 102.
[0031] Transformer core 416 may be viewed as divid-
ing the circuit schematic illustrated in Figure 5 into a left-
hand region and a right-hand region. The symbol used
to designate ground connections on the left-hand side is
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different from the symbol used to designate ground con-
nections on the right-hand side. As a particular example,
the ground connection symbol labeled 412 is different
than the symbol used for the ground connection labeled
414. These two different types of ground connections are
separate ground systems, so that the ground connec-
tions for the left-hand side of the circuit schematic are
not electrically connected to the ground connections on
the right-hand side of the circuit schematic.

[0032] Although it is not necessary to use two ground
systems, and some embodiments may indeed have only
one ground system so that the ground connections on
the left-hand side are also electrically connected to the
ground system on the right hand side, there may be some
embodiments that utilize two separate ground systems.
For example, utilizing two electrically isolated ground
systems may satisfy some consumer safety regulations
because a consumer device represented by load 404 is
electrically isolated from the components on the left-hand
side, where some of these components are coupled to a
household outlet at a voltage in the range of 110 to 120
VAC, or perhaps in the range of 220 to 240 VAC.
[0033] Asaresult, the left-hand side of the circuit sche-
maticin Figure 5 may be termed the primary side because
primary winding 102 is referenced with respect to the
ground system of the left-hand side. The right-hand side
of the circuit schematic may be termed the secondary
side. Thus, winding 412 is not electrically connected to
winding 104, although there may be mutual coupling be-
tween the two. The feedback voltage developed by re-
sistor divider comprising resistors 406 and 408 is refer-
enced to the ground system of the primary side. As a
result, there is electrical isolation between the left-hand
and right-hand sides when two ground systems are uti-
lized.

[0034] Various modifications may be made to the fore-
going described embodiments. For example, the input to
LEB 158 may be connected to the source of transistor
123, which in turn may be connected to a sense resistor
that is grounded. For such an embodiment, the voltage
provided to the positive input port of operational amplifier
152 is IpgR , where R is the resistance of the sense re-
sistor.

[0035] It is to be understood in this disclosure that a
preferred meaning of "A is connected to B", where for
example A or B may be, but are not limited to, a node, a
device terminal, or a port, is that A and B are electrically
connected to each other by a conductive structure so that
for frequencies within the signal bandwidth of interest,
the resistance, capacitance, and inductance introduced
by the conductive structure may each be neglected. For
example, a transmission line (e.g., micro-strip), relatively
short compared to the signal wavelength of interest, may
be designed to introduce a relatively small impedance,
so that two devices in electrical contact at each end of
the transmission line may be considered to be connected
to one another.

[0036] Itis alsoto be understood in this disclosure that
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a preferred meaning of "A is coupled to B" is that either
Aand Bare connected to each other as described above,
or that, although A and B may not be connected to each
other as described above, there is nevertheless a device
or circuit that is connected to both A and B so that a
properly defined voltage or current at one of the two el-
ements A or B has some effect on a properly defined
voltage or current at the other of the two elements. For
example, A may be one port of a microwave structure
and B may be a second port of the microwave structure,
where the voltages at ports A and B, defined as the trans-
verse electric fields at ports A and B, respectively, are
related to each other by a transfer function. Although the
microwave structure may introduce a non-negligible im-
pedance, the elements A and B may be considered to
be coupled to one another.

[0037] From the foregoing, it will be appreciated that
specific embodiments of the disclosure have been de-
scribed herein for purposes of illustration, but that various
modifications may be made without deviating from the
disclosure. Certain aspects of the disclosure described
in the context of particular embodiments may be com-
bined or eliminated in other embodiments. Not all em-
bodiments need necessarily exhibit such advantages to
fall within the scope of the disclosure. Accordingly, the
disclosure is not limited except as by the appended
claims.

[0038] The following statements provide general ex-
pressions of the disclosure herein.

A. A circuit, comprising:

a primary winding;

a switching transistor coupled to the primary
winding, the switching transistor being config-
ured to carry a drain-source current; and

a feedback voltage port configured to carry a
feedback voltage, the feedback voltage port be-
ing coupled to the switching transistor to switch
off the switching transistor when the drain-
source current reaches a peak current limit,
wherein the peak current limit increases with in-
creasing feedback voltage if and only if the feed-
back voltage satisfies an ordered relationship
with a threshold.

B. The circuit of statement A, wherein the ordered
relationship is satisfied when the feedback voltage
is less than the threshold.

C. The circuit of statement B, wherein the ordered
relationship is satisfied if and only if the feedback
voltage is less than the threshold.

D. The circuit of statement A, further comprising:

a secondary winding magnetically coupled to
the primary winding; and
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a voltage divider coupled to the secondary wind-
ing to provide the feedback voltage.

E. The circuit of statement A, the switching transistor
having a gate and a drain, the circuit further com-
prising:

an S-R NOR latch comprising a Q output port
coupled to the gate of the switching transistor,
an R input port, and an S input port;

a leading edge blanker comprising an input port
coupled to the drain of the switching transistor,
and comprising an output port; and

a comparator comprising a positive input port
coupled to the output port of the leading edge
blanker, comprising an output port coupled to
the R input port of the S-R NOR latch, and com-
prising a negative input port.

F. The circuit of statement E, further comprising:

an oscillator coupled to the S input port of the
S-R NOR latch;

a resistor connected to the negative input port
of the comparator; and

a current source connected to the resistor,
wherein the feedback voltage port is coupled to
the resistor so that an increase in the feedback
voltage causes an increase in current flowing
through the resistor if and only if the feedback
voltage satisfies the ordered relationship with
the threshold.

G. A circuit, comprising:

a primary winding;

a switching transistor coupled to the primary
winding, the switching transistor being config-
ured to carry a drain-source current;

a feedback voltage port configured to carry a
feedback voltage;

a switch coupled to the feedback voltage port;
an amplifier having an input port coupled to the
switch and an output port coupled to the switch-
ing transistor; and

a comparator having a first input port configured
to carry a threshold voltage, a second input port
coupled to the feedback voltage port, and an
output port configured to carry a signal having
a first logic state and a second logic state, the
output port of the comparator coupled to the
switch to couple the input port of the amplifier to
the feedback voltage port only if the output port
voltage of the comparator is the first logic state;
wherein the peak current limit increases with in-
creasing feedback voltage if and only if the feed-
back voltage satisfies an ordered relationship
with a threshold.
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H. A system, comprising:

a primary winding;

a first winding magnetically coupled to the pri-
mary winding to provide a feedback voltage;

a switching transistor coupled to the primary
winding, the switching transistor to provide a
drain-source current; and

a feedback port coupled to the first winding, the
feedback port being configured to carry the feed-
back voltage and being coupled to the switching
transistor to switch off the switching transistor
when the drain-source current reaches a peak
current limit, wherein the peak current limit in-
creases with increasing feedback voltage only
if the feedback voltage satisfies a first ordered
relationship with a first threshold, and wherein
the peak current limitis static only if the feedback
voltage satisfies a second ordered relationship
with a second threshold.

I. The system of statement H, wherein

the feedback voltage satisfies the first ordered rela-
tionship if the feedback voltage is less than the first
threshold; and

the feedback voltage satisfies the second relation-
ship if the feedback voltage is greater than the sec-
ond threshold.

J. The system of statement H, wherein the second
threshold is greater than the first threshold.

K. The system of statement H, further comprising a
voltage divider coupled to the first winding to provide
the feedback voltage.

L. The system of statement K, wherein the voltage
divider comprising a first resistor and a second re-
sistor.

M. The system of statement H, further comprising:

a first ground connected to the first winding;

a second ground; and

a third winding magnetically coupled to the pri-
mary winding and connected to the second
ground.

N. The system of statement M, wherein the first
ground is electrically isolated from the second
ground.

O. The system of statement M, further comprising a
voltage divider coupled to the first winding to provide
the feedback voltage, the voltage divider connected
to the first ground.

P. The system of statement O, wherein the voltage
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divider comprising a first resistor and a second re-
sistor.

Q. An alternating current to direct current power con-
verter, comprising:

a primary winding; and

a first winding magnetically coupled to the pri-
mary winding to provide a feedback voltage so
that a peak current limit of the alternating current
to direct current power converter increases with
increasing feedback voltage only if the feedback
voltage satisfies a first ordered relationship with
a first threshold, and wherein the peak current
limitis static only if the feedback voltage satisfies
a second ordered relationship with a second
threshold.

R. The alternating current to direct current power
converter of statement Q, wherein

the feedback voltage satisfies the first ordered rela-
tionship if the feedback voltage is less than the first
threshold; and

the feedback voltage satisfies the second relation-
ship if the feedback voltage is greater than the sec-
ond threshold.

S. The alternating current to direct current power
converter of statement Q, wherein the second
threshold is greater than the first threshold.

T. The alternating current to direct current power
converter of statement Q, further comprising:

a first ground connected to the first winding;

a second ground; and

a third winding magnetically coupled to the pri-
mary winding and connected to the second
ground.

U. The system of statement T, wherein the first
ground is electrically isolated from the second
ground.

V. The system of statement T, further comprising a
voltage divider coupled to the first winding to provide
the feedback voltage, the voltage divider connected
to the first ground.

W. The system of statement V, the voltage divider
comprising a first resistor and a second resistor.

Claims

1.

A circuit, comprising:

a primary winding;
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a switching transistor coupled to the primary
winding, the switching transistor

being configured to carry a drain-source current;
and

a feedback voltage port configured to carry a
feedback voltage, the feedback

voltage port being coupled to the switching tran-
sistor to switch off the switching transistor when
the drain-source current reaches a peak current
limit, wherein the peak current limit increases
with increasing feedback voltage if and only if
the feedback voltage satisfies an ordered rela-
tionship with a threshold.

The circuit of claim 1, wherein the ordered relation-
ship is satisfied when the feedback voltage is less
than the threshold.

The circuit of claim 2, wherein the ordered relation-
ship is satisfied if and only if the feedback voltage is
less than the threshold.

The circuit of claim 1, further comprising:

a secondary winding magnetically coupled to
the primary winding; and

a voltage divider coupled to the secondary wind-
ing to provide the feedback

voltage.

The circuit of claim 1, the switching transistor having
a gate and a drain, the circuit further comprising:

an S-R NOR latch comprising a Q output port
coupled to the gate of the

switching transistor, an R input port, and an S
input port;

a leading edge blanker comprising an input port
coupled to the drain of the

switching transistor, and comprising an output
port; and

a comparator comprising a positive input port
coupled to the output port of the

leading edge blanker, comprising an output port
coupled to the Rinput port of the S-R NOR latch,
and comprising a negative input port.

6. The circuit of claim 5, further comprising:

an oscillator coupled to the S input port of the
S-R NOR latch;

a resistor connected to the negative input port
of the comparator; and

a current source connected to the resistor,
wherein the feedback voltage port

is coupled to the resistor so that an increase in
the feedback voltage causes an increase in cur-
rent flowing through the resistor if and only if the
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feedback voltage satisfies the ordered relation-
ship with the threshold.

A circuit according to claim 1, further comprising:

a switch coupled to the feedback voltage port;
an amplifier having an input port coupled to the
switch and an output port

coupled to the switching transistor; and

a comparator having a first input port configured
to carry a threshold voltage, a

second input port coupled to the feedback volt-
age port, and an output port configured to carry
a signal having a first logic state and a second
logic state, the output port of the comparator
coupled to the switch to couple the input port of
the amplifier to the feedback voltage port only if
the output port voltage of the comparator is the
first logic state;

wherein the peak current limit increases with in-
creasing feedback voltage if

and only if the feedback voltage satisfies an or-
dered relationship with a threshold.

A system, comprising:

a circuit according to claim 1;

a first winding magnetically coupled to the pri-
mary winding to provide a

feedback voltage;

a feedback port coupled to the first winding, the
feedback port being

configured to carry the feedback voltage and be-
ing coupled to the switching transistor to switch
off the switching transistor when the drain-
source current reaches a peak current limit,
wherein the peak current limit increases with in-
creasing feedback voltage only if the feedback
voltage satisfies a first ordered relationship with
a first threshold, and wherein the peak current
limitis static only if the feedback voltage satisfies
a second ordered relationship with a second
threshold.

The system of claim 8, wherein

the feedback voltage satisfies the first ordered rela-
tionship if the feedback

voltage is less than the first threshold; and

the feedback voltage satisfies the second relation-
ship if the feedback voltage

is greater than the second threshold.

The system of claim 8, wherein the second threshold
is greater than the first threshold.

The system of claim 8, further comprising a voltage
divider coupled to the first winding to provide the
feedback voltage.
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The system of claim 11, wherein the voltage divider
comprising a first resistor and a second resistor.

The system of claim 8, further comprising:

a first ground connected to the first winding;

a second ground; and

a third winding magnetically coupled to the pri-
mary winding and connected to

the second ground.

The system of claim 13, wherein the first ground is
electrically isolated from the second ground.

The system of claim 13, further comprising a voltage
divider coupled to the first winding to provide the
feedback voltage, the voltage divider connected to
the first ground wherein the voltage divider optionally
comprises a first resistor and a second resistor.
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